It is not usual to perform quantitative analyses on surgical materials. Rather, they are evaluated clinically, through qualitative methods, and if quantitation is done, it is on a 2-dimensional basis. In this study, the long-term survival of fat autografts (FAG) in 40 subjects with facial soft tissue defects is quantified. An adipose tissue preparation from the abdomen obtained through liposuction and centrifugation is injected subcutaneously. Approximately 14 months later, the treated area is biopsied. Extensive computer-based histological analyses were performed using the stereological method in order to directly obtain three parameters: volume fraction of adipocytes in the fat tissue (V V ), density (number per volume) of adipocytes in the fat tissue (N V ), and the mean cell volume of adipocytes (VA) in each tissue sample. A set of equations based on these three quantitative parameters is produced for evaluation of the volumetric survival fraction (VSF) of FAG. The presented data evidenced a 66% survival fraction at the 14-month follow-up. In routine practice, it would be sufficient to perform this volumetric analysis on the injected and biopsied fat samples to know what fraction of the FAG has survived. This is an objective method for quantifying FAG survival and will allow a standardized comparison between different research series and authors.
INTRODUCTION
Over the past 110 years (Neuber, 1893) , fat autografts (FAG) have been used in reconstructive surgery (ASPRS, 1998) to combat the high prevalence of facial soft tissue defects following surgical procedures or trauma, and to correct the aging face in cosmetic surgery (Chajchir and Benzaquen, 1989; Wilkinson, 1994) . The use of FAG is controversial as resorption has been extensively observed (Ellenbogen, 2000) and documented (Billings and May, 1989) , and because of the absence of an accurate and objective method to evaluate FAG survival (Bircoll, 1987) .
A few authors have ventured to evaluate FAG survival, using diverse methods (Gormley and Eremia, 1990; Horl et al., 1991) . The published survival rates of FAG are divergent, ranging from 10 to 90% (Matsudo and Toledo, 1988; Nguyen et al., 1990; Pinski and Roenigk, 1992) . The following questions remain unanswered (Goldwyn, 1988) : Does the fat graft survive on the face? How long and to what extent? How can it be evaluated? What is the survival rate of FAG? Is it enough to achieve effective soft tissue augmentation? Many reports concerning the success of FAG in humans are widely subjective or semiquantitative at best. Additional studies, clinical or basic, are required before the value of this technique can be evaluated (Boyce et al., 1994) . Outcome studies of aesthetic procedures, like FAG, should be evaluated by quantitative means, with different observers and long-term follow-ups, to bring plastic surgery back into scientific, medical and academic circles (Castro Ferreira, 2003) and plastic surgeons closer to practice of "evidence-based medicine".
The aim of this study was to quantify FAG survival after a one-year follow-up by means of a stereological method. The measured survival characteristics were compared with results from other authors who had used different evaluation methods.
MATERIAL AND METHODS

PATIENTS AND THE SURGICAL PROCEDURE
40 patients were selected fulfilling strict inclusion criteria. All of them followed the same clinical protocol: clinical history, general physical examination, pre-operative and postoperative clinical photographs in five standard projections, complete preoperative and preanaesthesia evaluation, intraoperative sedation and local infiltrative anaesthesia (Klein, 1987) . The same operation was performed by the same surgeon at the Ambulatory Surgery Unit, following the three surgical steps of the Facial Contouring Lipostructure Technique described by Coleman in 1997 (Fig. 1) . From each patient, a sample of aspirated fat (AF) was taken and its volume measured by a graduated syringe (clinical volume of aspirated fat, AV). Then, the AF was centrifuged at 3,000 rpm for 2 min in order to eliminate free fatty acids, blood, serum, anaesthesia solution and tissue debris, which resulted in a sample of centrifuged fat (CF), and its volume was determined (CV). A fraction of this volume (injected volume, IV) was finally injected into the facial defect and registered as well. The mean injected volume was 26 ± 7 cm 3 , in parallel to that used by other authors (Nguyen et al., 1990) . Antibiotic, anti-inflammatory and analgesic postoperative treatment was given and a periodic follow-up at the outpatient clinic was carried out.
Biopsies of the fat autografts (BF) were performed with a 2 mm diameter Acuderm® punch at the 14-month follow-up. Each fat sample was fixed in a 10% formalin fixation, sliced in isotropic uniform randomized blocks (Gundersen et al., 1988) and paraffin embedded. The specimens were then serially cut into 10 µm thick sections and stained with haematoxylin-eosin.
STEREOLOGICAL ANALYSIS
Stereological quantification was performed on the processed samples of aspirated, centrifuged and biopsied fat for each case, with the Stereologic CAST Grid System. (Stereologic Software Package GRID, Interactivision, Silkeborg, Denmark) This program comands automatic XY displacements of the microscope stage, allowing the systematic randomized sampling of tissue microscopical fields. The software program generates point grids, disectors and nucleators, superimposed on the tissue samples visualized on a monitor. The three stereological parameters measured directly on the fat tissue samples were: the volume fraction of adipocytes in the fat tissue (V V ), the numerical density of adipocytes in the fat tissue (N V ) and the mean cell volume of adipocytes (VA). 
Calculation of the volume fraction of adipocytes in the fat tissue (V V )
A systematic randomized sampling of microscopical fields was made at 4x magnification in each fat tissue section and a 25-point grid was super-imposed on each microscopical field (number of fields, NF: 12-30). Such sampling does not include all reference (fat) tissue, so only grid points lying in the fat tissue were counted. Points of the grid hitting the adipocytes satisfying the morphological viability criteria (integrity of plasmatic membrane, polygonal cellular morphology, normal cellular diameter, fusiform morphology and peripheral location of the nucleus, lobular organization of adipose tissue) were registered as Pad. The total number of points hitting viable adipocytes was registered as PadTot. V V expressed as a percentage is obtained as the ratio between PadTot and the total number of points superimposed (Pgrid × NF):
Calculation of the numerical density of adipocytes in the fat tissue (N V )
The relative number of adipocytes was calculated by the optical disector principle (Gundersen, 1986; Mendis-Handagama, 1992; Mayhew and Gundersen, 1996) . Disectors were generated as succesive focal planes inside a thick segment of adipose tissue (optical disector). Measurement along the Z-axis of the microscope was performed with a 0.5 µm precision microcator (Transreut, Germany) connected to the stage. A 100x objective was used with immersion oil (numerical aperture 1.4) to reach a 1,200× final magnification, insuring that Z-direction displacements of 5 µm were true movements of the focal plane inside the thick section of tissue.
In the 10 µm thick adipose tissue sections, microscopical fields were selected by systematic randomized sampling (Cruz-Orive, 1987 ). An unbiased counting frame of the disector of a known area (Ad) was superimposed on each microscopical field captured by the camera and projected on the monitor, i.e., the number of disectors (Nd) was equal to the number of fields (Nd = NF ≅ 40). The disector volume (Vd) is equal to the product of the known disector frame area (Ad) and the disector height (Hd), which is the distance between the focal planes (D = 5 µm): Vd = Ad × Hd = 1,312 × 5 = 6,560 µm 3 . Therefore, the total volume of tissue in which the number of adipocytes is counted will be: ΣVd = Vd × Nd = 6,560 × 40 = 262,400 µm 3 .
The number of adipocytes was counted assuming their nuclei as the counting unit (each corresponds to only one adipocyte). Only adipocytes within the unbiased counting disector frame and satisfying the Sterio rule were counted (Miles, 1978; Sterio, 1984; Mendis-Handagama, 1992) . These are designed as Q -, and the total number of adipocytes counted is ΣQ -. Thus, the numerical density of adipocytes, expressed as the number of adipocytes per mm 3 of tissue was:
Calculation of the mean cell volume of adipocytes (VA)
The mean cell volume of adipocytes was obtained following the nucleator method (Gundersen and Jensen, 1985; Sundberg, 1986 Gundersen and Jensen, 1987; ) : At 20x magnification, a reference point is marked at the geometrical center of the adipocyte, through which the stereological program produces two perpendicular axes, intersecting the cellular membrane of the adipocyte at four points. These four intersections are marked, and the program estimates the volume of the structure (expressed in µm 3 ) based on the formula: VA = 4/3 π l o 3 , considering l o as the mean length of the segments between the reference point and membrane intersection point.
The mean cellular volume of the adipocytes (VA) is calculated as the total volume of the adipocytes (ΣVA) sampled for the measurement divided by the total number of sampled adipocytes (n):
Estimation of the volumetric survival fraction (VSF) of the FAG
As a portion of the clinical fat volumes are not really adipose tissue but fibro-connective tissue and as not all adipose tissue is viable and clinically effective, it is necessary to correct the clinical volumes of fat by the volume fraction of viable adipocytes of the fat tissue to obtain the effective volumes of fat (efV). Finally, as our objective is to know how much of the injected volume of fat has survived over time, IefV is considered as the maximum volume of viable adipose tissue with the ability to survive, so we have to reference BefV to this volume. Thus, the volumetric survival fraction (VSF) of the FAG based on volume and expressed as a percentage is easily obtained as the ratio between the effective volume of the biopsied fat (final time) and the effective volume of the injected fat (initial time):
VSF (%) = BefV / IefV × 100.
STATISTICAL ANALYSIS
The SPSS.11 version (Statistical Product and Service Solutions Inc. Chicago, IL, USA, 1995) was used, considering a significance level of p < 0.05 for all values. Statistical analysis consisted of: a description of all clinical and stereological data as mean ± standard deviation in their respective units; comparison of pairs of means with the Student´s t-test for paired data of dependent samples, and the analysis of variance for one factor (ANOVA) and the Student-NewmanKeuls test to compare the variation of a stereological parameter in the groups defined by the type of fat.
RESULTS
29 patients were women (71%) with a mean age of 37 ± 17 years (range: 8-68). Follow-up was completed in 100% of the patients, within an average period of 14 ± 3 months (range: 8-22). The clinical volumes of aspirated, centrifuged and injected fat were respectively: 130 5 ± 95 5, 49 ± 42 and 26 ± 7 cm 3 . The effective volumes of aspirated, centrifuged, injected and biopsied fat were respectively: 47 ± 40 5, 46 ± 40, 24 ± 6 and 14 ± 14 cm 3 . There were statistically significant differences between: the clinical and effective volumes of aspirated fat; the clinical volumes of aspirated, centrifuged and injected fat; and the effective volumes of centrifuged, injected and biopsied fat.
Global results of stereological parameters of the study and statistically significant differences between the types of fat are shown in Fig 2. The global volumetric survival fraction (VSF) was 66 ± 25%.
DISCUSSION
The preservation of histological features in fat biopsies after 14 months of grafting confirms the survival of auto-transplanted fat as stated by other authors (Peer and Walker, 1951; Mc Carthy, 1990) . The mean value of VSF is high in relation to other rates published in the literature (Assadi and Haramis, 1993; Niechajevia and Sevcuk, 1994; Ersek et al., 1998) . There is a remarkable difference between our 66% survival and the 90% survival reported by Coleman (1995; 1997) and with the study of Guerrerosantos (2000) that employed the same surgical procedure. This could be explained either by the greater precision of our stereological method or because these authors used to repeat the fat injection several times in order to assure a better outcome. Nevertheless, the methods employed in these studies for monitoring the success of the grafting were rather subjective and difficult to standardize: such studies do not provide completely reliable quantitative data in order to arrive at any conclusions about FAG survival (Grazer and Klingbeil, 1980) . The results of the present study (volume fraction of adipocytes and VSF) are in line with those stated by other authors (Von Heimburg and Pallua, 2001) and indicate that there was a loss of more than onethird of the injected fat. This decrease of adipose tissue volume, together with the stability of the numeric density of adipocytes, might be due to a parallel decrease of their absolute number and their mean volume.
The stereological results suggest the loss of viable adipose tissue and its substitution by scarring fibrous tissue. This phenomenon explains the loss of effective filling of facial defects already evident before the 14-month follow-up (Kononas et al., 1993) . Thus, clinical correction is directly determined by the surviving adipose tissue (Smahel, 1986) , while the scarring fibrous tissue does not contribute to augmenting the soft tissue volume causing the graft retraction (May, 1990; Carpaneda and Ribeiro, 1994) . The resorption and retraction seem to be inherent and proportional to the injected volume: therefore, the over-correction by many authors (Bircoll and Novack, 1987) makes no sense. FAG survival would be better increased with repeated treatment sessions rather than with over-corrections in a single session (Coleman, 1995; 1997) . This fact may restrict FAG indications to the refilling of small or mild facial contour defects while fat flaps and other filling materials are preferred for reconstructing severe subcutaneous soft tissue deplections.
CONCLUSIONS
1. The fat autografts partially survive in two-thirds of the injected volume at the 14-month follow-up.
This survival represents a successful but incomplete and temporary clinical result for patients with facial soft tissue defects.
2. The first application of stereology to the quantitation of grafts survival in plastic surgery has been successfully achieved. Stereological analysis was a reliable method for quantifying fat autograft survival.
In routine practice, it would be enough to quantify the volume fraction of adipocytes in the injected and the biopsied fat to know the VSF. Although a limitation to biopsy exists, the stereological method would enable the standardized comparison between different series and authors in a more accurate way than clinical photographs and 2-dimensional methods.
